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ABSTRACT 


Recently we obtained bounds on the magnetic moment of the W boson from preliminary 

results from CDP. These results were based on 4.3 pb-' of data, from which were found 3 W""( 

events and 3 radiative W decays. Within the next 2 years they expect to have almost 100 pb-! 

of ,data. In this paper we consider the bounds one will be able to obtain from this data, under 

2 scenarios: 

(1) 	 The expected Standard Model (SM) results are obtained. 

(2) 	 The relative number of events observed is the same as in the 

previous run. It is shown that scenario (2) leads to a clear 

breakdown of the SM. 
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In a recent letterl we showed how the preliminary results for W"Y production and radiative 

W decay from CDpl could be used to put bounds on the magnetic moment of the W boson, 

given by 

II = (K + l)e/2Mw 	 (1) 

where the SM value is 

K = 1, 	II = e/Mw (2) 

The best way to measure K is to make use of the radiation amplitude zero3 (RAZ) which 

occurs in the angular distribution for JU",w-y(Uil",w·y) The dip which persists inpp...WyX 

is very sensitive. to the magnetic moment parameter K. A similar zero occurs in the energy 

distribution of the radiative decaY' W- ...JUy and W-...iVy. Because the number of-events will 

still be limited it may still not yet be possible to make use of the RAZ. 

In this paper we consider the bounds which one will be able to obtain from the total 

number of W"Y events and radiative decays from the next run of CDF, when they will have 20 

times more integrated luminosity, under 2 scenarios: 

(1) 	 The expected SM results are obtained~ 

(2) 	 The relative number of events is the same as in the previous run. ~ They will 

obtain 20 times more W"Y events and 20 times more W radiative decays. 

We consider (1) first and use the same cuts, experimental acceptances and efficiencies 

as in ref (1). Our result for the number of W"Y events is 
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(3)11 = 29.8 - .546" + 1.294,,2 

where 11 = K-l. For 20% systematic error at 95% e.L. we obtain the bound 

(4)-2.0 ~ K ~ 4.4 

while for 95% e.L. and 10% systematic error we get 

(5)-1.6 ~ K ~ 4.0 

These results are shown in Figure 1. For radiative W decays the number of events is given by 

(6)11 = 155.8" + .63Oq + .894,,2 

For 95 % e.L. and 20% systematic error the bound attainable will be 

(7)-7.2 ~ K ~ 8.5 

while for 95% e.L. and 10% systematic error it is 

-5.4 ~ K ~ 6.7 (8) 

These results are shown in Figure 2. If we do not separate the W'Y events and the radiative W 

decays, the total number of events is given by 

(9)11 = 185.6 + .0840" + 2.188,,2 

For 95% e.L. and 20% systematic errors we can obtain the bound 

(10)-4.5 ~ K ~ 6.4 

while for 10% systematic error and 95% e.L. it is 

(11)-3.2 ~ K ~ 5.1 
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These results are shown in Figure 3. 

We now tum to scenario (2). Here we consider the situation if CDF will measure 20 

times the number of events measured in the first run. ~ The number of W gamma events is for 

20% systematic error is 

(12)11 = 60 :I: 14.3 

so that n < 83.5 at 95% C.L. Using the result given in eq (3) the bound is 

(13)-5.2 ~ K ~ 7.7 

while for 10% systematic errors it is 

(14)-4.8 ~ K ~ 7.2 

at 95 % C.L. These results are shown in Figure 1. 

Now we come to the main point of this paper which we would like to emphasize. For 

radiative W decays the theoretical SM value is 

nil = 155.8 (15) 

Under this scenario, the number measured is nap = 60 :I: 14.3 for 20% systematic errors. 

Thus, 

A = nil - nap = 95.8 :I: 14.3 (16) 

and there is a 6,7g breakdown of the SM. Note here that there is no solution for K, as l\mp <Ila, 

and, thus, this would imply some further breakdown of the SM A ¢ O. See ref (5). 
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For a 10% systematic error 

nap = 60 :I: 9.8 (17) 

and 4 == 95.8±9.8 and there is a 9.8qbreakdOWD of the SM. Again there is no solution for K. 

Figure 4 shows these results for radiative W decay with and without the QCD 

corrections.6 It can be seen that under scenario (2) there is a huge breakdown of the SM. The 

QCD corrections for W'¥ are very small. 

If we now consider the total number of events as before, by adding the total number of 

W"( events and radiative W. decays, for 20% systematic errors we get 

nap = 120 :I: 26.4 (18) 

(19)and 4. = 65.6 :I: 26.4 

and only a 2.50' effect. For 10% systematic errors the result is 

(20)fA = 65.6 :I: 16.3 

a 4.00' effect. These results are shown in Figure 5. 

In conclusion we have shown that in about 2 years when CDF has 20 times more 

integrated luminosity we will be able to obtain so'me good bounds if the SM values are measured 

the best of which-are 

-2.0 :s; K :s; 4.4 (95% CL. and 20% systematic) (21) 

(22)and -1.6 :s; K :s; 4.0 (95" C.L. and 10% sysumo:tic) 

But the main point of the paper is to emphasize that if the number of events measured is merely 

6 



,,, 
20 times the preliminary results there will be a stron& breakdown of the SM at the 9. 80'(6.70') 

level for 10% (20%) systematic errors. 
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Figure Captions 

Figure 1: 

Figure 2: 

Figure 3: 

Figure 4: 

Figure 5: 

Number of events vs K for W'Y. The line at 43.1 (40.1) corresponds to 
95% C.L. and 20% (10%) systematic error for scenario (1) while the line 
at 83.5 (76.1) corresponds to 95% C.L. and 20% (10%) systematic error 
for scenario (2). 

Number of events vs K for radiative W decay. The line at 210.9 (188.6) 
corresponds to 95% C.L. and 20% (10%) systematic error for scenario 
(1). 

Number of events vs K for the sum of W'Y events and radiative W decay. 
The line at 250.4 (223.4) corresponds to 95% C.L. and 20% (10%) 
systematic error for scenario (1). 

Number of events for radiative W decay vs K for the tree-level (QCD 
corrected) result is shown by solid (dashed) curve under scenario (2). The 
measured result for 20 % (10%) systematic error is shown by the point 
with the large (small) error bars. 

Number of events for the sum of W'Y events and radiative W decay. The 
measured result for 20% (10%}systematic error is shown by the point with 
large (small) error bars. 
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